Six screen / film combinations were used to make density-matched panoramic radiographs of a tissue-equivalent phantom skull using the Philips Oralix Pan DC. The density of each radiograph was analyzed in eleven anatomic areas. The densities of the eleven anatomic areas ranged from 0.35 to 2.11. The radiographs were evaluated as to their diagnostic quality by twenty-three dental radiologists. The results demonstrated that the most appropriate screen/film selection in panoramic radiography using a direct-current generated x-ray tube was the 3M Trimax 4/8 screen/Kodak T-Mat G film system.
Introduction
In the past, panoramic machines have used self-rectified x-ray generators. Recently, some panoramic machines have been equipped with a direct current generator. The Siemens OP-10 is a multi-pulse, low-ripple, high-kVp, high-frequency (maximum 8,000 Hz) generator, the quality of which is equivalent to a direct-current generator. The Philips Oralix Pan DC is one such machine which uses this approach ( Fig. 1 ). There are several new screen / film combinations currently available for use in panoramic radiography. The Kodak Company has introduced a new film, Kodak T-Mat G film, that utilizes T-grain emulsion [1] . The T-grain emulsion provides a relative speed of 400 when used with Kodak Lanex Regular screens, so that it improves resolution when compared with conventional film. The 3M Company has also introduced a new film, Trimax XUD. This film eliminates a major proportion of cross-over image diffusion by preventing light from leaving the emulsion layer of the film. This results in an improvement of resolution, equal to or better than single screen / film emulsion systems, at 1/3 to 1/2 the radiation dosage.
In dental radiology it is desirable to produce images of high diagnostic quality with a minimal amount of ionizing radiation. In paroramic radiography it has been demonstrated that rare earth intensifying screens in combination with suitable films can produce radiographs of good diagnostic quality with a reduction in patient dose[2-143. The purpose of this study was to examine the newer screens and films in order to determine which produced the best diagnostic quality with the least amount of patient exposure using the Oralix Pan DC.
Materials and Methods
A tissue-equivalent phantom consisting of a human skull encased in plastic (3M Company, St. Paul, Minnesota) was mounted on a tripod and placed in the proper position in a Philips Oralix Pan DC panoramic machine (Philips Company, Stanford, Connecticut) (Fig. 2) .
The Oralix Pan DC machine is equipped with a fixed rotation time (16 seconds) and variable controls for kVp (69 kVp-81 kVp, in 2 kVp steps) and mA (6 mA, 10 mA) ( Table 1 ) [15] . Using a Philips Oralix Pan DC flat metal cassette, a standard film exposure was made at 73 kVp and 6 mA using a Kodak Lanex Regular screen (Gd2O2S : Tb) with Kodak T-Mat G film (Fig. 3) . The technique factors used with the standard screen / film combination were chosen by statistical analysis of the preferences of twenty-three raters. Statistical analysis consisted of Friedman two-way analysis of variance and the Wilcoxon matched-pairs signed rank test. The densities of eleven anatomic areas were measured by the use of a template and a densitometer (Model 301, X-Rite Co., Grand Rapids, Michigan). The template consisted of a duplicated film which accurately located the eleven anatomic areas by a series of circular openings (2 mm) in the film (Fig. 4) .
Several exposures were then made with each of the five additional screen / film (CaWO4) with Kodak X-Omat RP film To obtain the proper densities, 6 mA was used for four systems and 10 mA was used for two systems. The kVp value was adjusted to produce films with densities which matched those of the standard film in the eleven different anatomic areas mentioned above (Fig. 4 ). An average density was determined from ten measurements in each location. systems were rated significantly better than the four other systems (p < 0.005).
2) The next two systems preferred were the 3M Trimax 12 screen/Kodak T-Mat G film and Kodak Lanex Regular screen/Kodak T-Mat G film. There was no significance in the rankings of these two systems even though the latter was produced with 9% less exposure to the patient than the former. The former system was produced with 72% less patient exposure than 3M Trimax 4/8 screen/Kodak T-Mat G film and Dupont Hi-Plus screen/Kodak X-Omat RP film.
3) The Kodak Lanex Regular screen with a Kodak T-Mat G film system was rated significantly better than a Kodak Lanex Regular screen/Kodak Ortho G film system (p < 0.009). This study showed that a Lanex Regular screen/T-Mat G film combination was preferred to a Lanex Regular screen/Ortho G film combination, the relative exposure of the former being about 9% less than that of the latter (Table  2) . 4) The 3M Trimax 12 screen/Kodak T-Mat G film system was significantly more preferable to the 3M Trimax 12 screen/3M Trimax XUD film system, but neither of these systems was statistically distinguishable from the Kodak Lanex Regular screen/Kodak Ortho G film combination.
The optical densities were measured in eleven areas (Fig. 5) . The densities of anatomic areas were between 0.35 and 2.11 (Table 3) .
Discussion
In comparison with conventional screen/film combinations, rare earth screens with T-grain film offer a means of obtaining improved image quality with decreased patient dose which can be recommended for clinical use. Besides resolution and sensitivity, there are several other factors that influence the selection of a screen/ film combination for panoramic radiography.
In the present study of six screen/film combinations, raters preferred Dupont Hi-Plus screen/Kodak X-Omat RP film and 3M Trimax 4/8 screen/Kodak T-Mat G film combinations. These systems have better sharpness and image quality, but they are slower than some other systems. The 3M Trimax 12 screen/Kodak T-Mat G combination is the fastest system, with a decreased relative exposure about 9% less than the standard system (Table 2) . Raters preferred this combination third, in comparison with the most preferred two systems, with statistically less significance.
The densities of anatomic areas measured in the six screen/film combinations were between 0.35 and 2.11. These densities lie in the linear part of the film characteristic curve [20] . When the anatomic densities in films are compared with the best rated system (3M Trimax 4/8/Kodak T-Mat G) and the fastest system (3M Trimax 12/Kodak T-Mat G), the former shows more gray levels in each anatomic area, thus depicting each individual anatomic area more distinctly. However, the former requires a higher radiation level in order to obtain an image than the latter.
Conclusions
This study demonstrated that proper screen/film selection is necessary in panoramic radiography using a direct-current generated x-ray tube.
1. For the panoramic unit (Oralix Pan DC) used, radiographs produced with the 3M Trimax 4/8 screen/Kodak T-Mat G film combination were preferred by the raters to images produced with other systems.
2. The radiographs produced with the Kodak Lanex Regular screen/Kodak T-Mat G film combination were preferred by the raters to images produced with the Kodak Lanex Regular screen/Kodak Ortho G film combination.
3. The optical density preferences of the eleven anatomic areas ranged from 0.35 to 2.11.
